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(54) Organic light emitting diodes with molecular alignment and method of fabrication 



(57) An organic LED including a conductive layer 
(10) with a planar surface (1 1) and a layer (15) of semi- 
conductive polymer molecules (20) having anchoring 
groups (22, 24) at each end, unifbnmly oriented perpen- 
dicularly oh the planar surface, by deposition and self- 
assembly technique. A coupling layer (25) positioned on 
the organic layer and a second organic layer (30) uni- 



formly oriented on the coupling layer, by deposition and 
self-assembly technique, parallel to thef irst semiconduc- 
trve polymer molecules. Additional coupling layers (25) 
and organic layers (1 5. 30) are alternately positioned on 
the second organic layer and on each other to form an 
LED of desired dimensions and a second conductive 
layer (40) is deposited on the final layer. 
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Description 

Background of the Invention 

5 In alt organic light emitting devices (LED), organic layers are formed by either thermal evaporation or spin-coating 

the organic material on a substrate. The resulting organic layers are either amorphous or random oriented poiycrystalline 
solids. As a result, the charge carrier mobilities in the organic layers are normally generally low. typically less than 10'-* 
cm2/Vs. Injection current (J) is proportional to the carrier mobility (ji), as stated in the relationship: 

w J=e^(V='/d^ 

Where e is the dielectric constant of the organic layer; 

V is a voltage applied across the organic layer; and 
d is the thickness of the organic layer. 
IS Therefore, the low carrier mobility is one of the limiting factors for the injection current, which in turn limits the maximum 
brightness for organic LED displays and specifically for direct view organic LED displays. 

It is desirable to fabricate organic LEDs with sufficient carrier mobility to provide the brightness to be usable in direct 
view displays. 

It is a purpose of the present invention to provide organic LEDs having improved carrier nnobility. 
20 It is another purpose of the present invention to provide methods of fabricating organic LEDs with improved carrier 
mobility. 

A further purpose of the present invention is to provkie methods of fabricating organic LEDs with improved canrier 
mobility, which methods are relatively sinnple and inexpensive. 

A still further purpose of the present invention is to provide methods of fabricating organic LEDs with improved 
25 carrier mob'lity, which fabrication method is engineered at the molecular level with good control over the dimensions. 

Another purpose of the present invention is to provide methods of fabricating organic LEDs with improved carrier 
mobility, which fatsrication method includes nrtanipulating the size and kind of organic molecules as well as interspersed 
coupling layers so that full color and a desired amount of fluorescence can be achieved. 

30 Summary of the Invention 

The above problems and others are at least partially solved and the akxive purposes and others are realized in an 
organic light emitting diode including a first conductive layer of qjectrically conducting material having a planar surface 
and a first organic layer of semicorKluctive polymer molecules having anchoring groups at each end positioned on the 
35 planar surface of the first conductive layer by deposition and self-assembly technique to substantially uniformly orient 
the semiconductive polymer molecules perpendicular to the planar surface. 

A first coupling layer is positioned on the first organic layer and a second organic layer of semiconductive polymer 
molecules having anchoring groups at each end is positioned on the first coupling layer by deposition and self-assembly 
technk^ue to substantially uniformly orient the semiconductive polymer nrralecules parallel to the semiconductive polymer 
40 molecules of the first organic layer. 

Additional coupling layers and organic layers are altemately positioned on the second organic layer and on each 
other, to achieve desired dimensions and brightness. 

A second conductive layer of electrically corKiucting material is positioned on the final organic layer to complete the 
LED. Generally, one of the first and second conductive layers is light transmtsstve to allow emission of the generated light. 

45 

Brief Descrtotjon of the Drawing 

Referring to the single figure, an organic light emitting device fatxicated in accordance with the present invention is 
illustrated. 

so 

Description of the Preferred Embodiments 

Referring specifically to the figure, a first conductive layer 10 of electrically conductive material is illustrated with a 
substantially planar surface 11 . A first organic layer 1 5 is positioned on conductive layer 1 0. Organic layer 1 5 is composed 
ss of semiconductive polymer molecules 20. with each molecule 20 including an anchoring group 22 and 24 at each end 
thereof, respectively. In the figure, anchoring group 22 of each molecule 20 is anchored to planar surface 11 of conductive 
layer 10. 

Semiconductive polymer molecules 20 can include virtually any elongated hydrocarbon-like molecules containing 
conjugated double bonds and may include one or nrore ring structures (e.g. phenyl, naphthyl. etc.) as a stiffener. Gen- 
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erally. the molecules selected should be lono enounh , 

As Slated above, each molecule 20 Includes an ..T^ discussed in more detail presently 
(blue color) 
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Polyphenylenc Oligomer 
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(green color) 
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polyphenylene vinylene oligomer 
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(red color) 
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Poly(naphthyIene vinylene) Oligomer 

35 

Molecules 20 are positioned on planar surface 1 1 of conductive layer 1 0 by deposition and a self-assembly technique 
so as to substantially uniformly orient each semiconductive polymer molecule 20 perpendicular to planar surface 11. 
Thus, anchoring group 24 at the opposite end of each molecule 20 is directed outwardly away from planar surface 1 1 
40 and alt of anchoring groups 24 generally cooperate to form a surface generally parallel to and spaced from planar surface 

Several self-assembly methods of making monolayers of organic conrpounds are known. One typical example is 
accomplished by using hydrophilic groups as the anchoring groups. Using the Langmuir-Blodgett approach, a layer of 
semiconductive polymer molecules with hydrophilic anchoring groups is floated on the surface of water Because of the 

45 hydrophilic anchoring groups at the ends of the elongated semiconductive polymer molecules, the molecules are self 
oriented generally perpendicular to the surface of the water. The layer of correctly oriented molecules is then transferred 
to a desired surface by dipping the surface into the water. Perpendicularly oriented molecules can also self assemble 
directly on solid surfaces from solutions. 

At least one method of self-assembly includes alternate deposition of monolayers of positively and negatively 

50 charged polymers. This layer-by-layer deposition process is carried out with dilute solutions of the charged polymers 
and is an extremely simple and effective way to produce thin films with structures that are controllable at the molecular 
level. One simply dips planar surface 1 1 of layer 1 0 into a solution containing a positively charged polymer, rinses surface 
11 with water and then dips it into a solution containing a negatively charged polymer. In each dip. a highly uniform 
monolayer of the polymer in solution is deposited onto surface 1 1 with a thickness and chain conformation that is deter- 

55 mined by such parameters as the solution pH. ionic strength and concentration. 

A major problem with this, and other self-assembly processes is that only a thin film of material, generally in the 
range of 10 - 50 angstroms, can be produced. It will be understood that organic layer 1 5 includes one or more monolayers 
of molecules deposited by one or more self-assembly techniques, all of which are represented by molecules 20. With 
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molecules 20 deposited to a desired (or maximum) height a first couolina laver 25 is dPnndtnH 

generally ort anchoring groups 24. v y ^ si coupling layer 25 is deposited onto organic layer 15 

Coupling layer 25 includes, for example, nanocrystais and or mniti y^ic^ a ^. 

valent ions are induled the ions chSly bond wfSStoroC^^ 

have additional free Ixjnds to chemically bond with free bonds dTne or mo« ^ ^ 

layer 30.ln some instances.(e.g.extreLy.ongreS:,Sl?^^^^^^^^ 

multi-valent ions that form more than one bond with one or mora ^^l^T , 1 "e advantageous to have 
for the entire structure. Coupling layer 25 is ft^mS TZZ^T'^h "^'"^ 
belweenorganiclayerlSandsew^organicS sSrolT^r^^^^ « ""^^ 

^1. be formed u«liJing semiconduc..e'XTS;eLTst^^^^^^ 
m.^le31..nt«sexample.anchoringgroup34.chen.c.lybo^^ 

and/SSX'cL «~ - a non-fl^rescem material 

30, toprov^etheSe^Ved amount ^'c^niiSKL^^^^^^^ 
includes any of multi-valent ions, such as 2r^^ Znz-. Caa- etc and naZv^^^ 

ZnS. etc. in the case of nanocrystais. color e,ri^o^<^tZ^Sil!^^^^ ^"'^S- 
copending paten, appl^tion entitled "A RuorescenToSie VSSm T^^i 
08A)55.889. filed May 4. 1 993 and assigned to the same assigneSIJ^rcS^^ n!^^^^ 'f"" 
than approximately 1 6 angstroms emit blue light. CdSe nan^lXStnSfe ^ZT^ ' 

angstromsemi.greenlightCdSenanocrys.al?v«,hasizein^;CeS^^ 

A conducting layer 40 of metal or other conducting material is d^To^r o^i; teraTsX^ 
group 34 chemically bonds wHh the lower surface of conducting layer 

Genemlly, either conducing layer 10 or conducing layer 4oTaTghrSltS^ 

(ITO). or in some fashion allows light to be emitt^ therethrough In sSTTSr^f " ^ f "^'""^""-o^e 

suffidentlytransparemtoallowtheemissionofsufliaenC^^^^ 

In this specific embodiment, because of the heat required in laying down a layer of ITO layer 10 is a lavpr «f rrn 
deposited on a glass substrate (not shown) and forms a'first electrical contort J ^.Vcn T • °' 
deposited on conducting layer l6 to a desired nur,4,^o?nSoS^ T 
layer 25 is deposited on organic layer 1 5 ^T^oMm 30 is dS*^' "^'T r'^^"'^" ^"P""^ 
coupling layers and organic layers are aSt«niS^l^li^^l^T'^.'°^^ '^^^ 

thicla,essesoftheorg4layerfiI t^Ts 2 3o^^a^ 
rangeofapprox,mate1^,300 SCOotSSpr^^^^ 

500 - 1500 angstroms. Conducting 4r 40. iZZ a S 
is then deposftedon thefinal organiclayert; IbmiTsei)™!^ 
.nng^ra«onde^.onp^^4^.e^^^^^^^ 



In many appOcations a plurality of organic LEDs will be f^aicateri nn o ei~,i« » u- . ■ 
procedure is substantiany the same exce? thatSe LeOs a?eSa^ hvT™^ 
« depositionsorselectiveeiching. Further. SEglaySiTi^l^^^ "^^^ 

dicui!;trs^,:x'::;srgt^^^ 

and.hence.th;.niectloncuS?SSSi:^^^ 
« over the dimensions, the dimens-'ons can be easOy and inSS^X^racW^?^ dl>!^" "^'^ 
and brightness. For example, sufficient brightness can be aa^lS^^^^Z,^,^'''^!;^ """"^ 
displays. Further, the disclosedlabrication method indudesmanWaLTSr^^^ ^ '^"^ 

polymer molecules as well as the size of imerspersS^Sr^X J.J^'S? 

fluorescence can be achieved. ^ '^^"^^ ""o^ a desired 
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Claims 

1 . An organic light emitting diode characterized by: 

a firet conducthre layer (10) of electrically conducting material having a planar surface (1 11- 
a first organic layer 15^ of semiconducBve polymer molecules fsm «hs hZl . ^ • " 

ateachendpositionedontheptenarsurfaceolthefSSa^SSS^ 
tos^n«a«yu,,ifor,^yonentthes^^^ 

a first coupling layer (25) positioned on the first organic layer- "-nepianarsunace. 
asecondorganiclayer{30)ofsemiconductivepolymermole;ules(31)havingancho™^ 34)at 
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each end positioned oh the first coupling layer by deposition and seK-assembly technique to substantially unifornity 
orient the semiconductive polymer molecules parallel to the semiconductive polymer molecules of the first organic 
layer; and 

a second conductive layer (40) of electrically conducting material positioned in electrical contact with the 
second organic layer. 

2. An organic light emitting diode as claimed in daim 1 further characterized in that the first and second layers of 
semiconductive polymer molecules each include unsaturated polymers. 

3. An organic light emitting diode as claimed in daim 1 further characterized in that the first and secorxl layers of 
semicorxjuctive polymer molecules each include conjugated polymers. 

4. An organic light emitting diode as claimed in claim 1 further characterized in that the first coupling layer indudes 
multi-valent ion material. 

5. An organic light emitting diode as claimed in claim 1 further characterized in that the first coupling layer indudes 
nanocrystals. 

6. An organic light emitting diode as claimed in claim 5 further characterized in that the first coupling layer indudes 
CdS nanocrystals. 

7. An organic light emitting diode as claimed in claim 1 further characterized in that one of the first and second con- 
ductive layers includes a light transparent material. 

8. An organic light emitting diode as daimed in claim 7 further characterized in that the light transparent material is ITO. 

9. An organic light emitting diode as daimed in claim 1 further characterized in that the coupling layer fornns a bridge 
between the anchoring groups at one end of the semiconductive polymer molecules of organic layers on each side 
of the coupling layer. 

1 0. An organic light emitting diode as claimed in claim 1 further characterized in that the first and second organic layers 
of semiconductive polymer molecules include a plurality of monolayers of semiconductive polymer molecules. 
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